IT IS NOW generally established that certain instances of hypertension are remediable by removal of the affected kidney or by renovascular repair. Several procedures have been used in an attempt to identify such patients, but none has proven entirely reliable for this purpose. In the experience of the authors, the finding of a pressor agent in the renal venous blood has proven to be an accurate basis for predicting the response to surgery.' By the use of a relatively simple and direct assay of the renal venous effluent, it has been possible to detect patients who were responsive to surgery on whom other available tests were negative and to identify noncurable patients on whom such tests suggested the presence of a remediable lesion. The present paper reports experience based on a study of 170 patients on whom pressor assays of renal venous blood were performed.
The observations by Connor and co-workers2-4 of the discordance in excretory function in surgically remediable hypertension have led to the use of a variety of other methods based on renal excretory function for detecting patients suffering from reversible hypertension. However, neither the clinical characteristics,5 aortographic studies,6 split-function excretory tests,7 10 urographic differences,11 12 infusion studies,13 nor pressure gradients in the renal artery14 have identified uniformly patients responsive to surgical intervention and reliance on these tests has frequently led to futile operations.
Earlier studies have indicated that reversible hypertension due to focal, vascular, and parenchymal renal lesions is associated with the presence of pressor material in the renal vein of the affected kidney.15 16 Split-function tests on such patients also disclosed that certain excretory patterns were observed more often but were not necessarily pathognomonic of surgically remediable hypertensive disease. '7 The presently reported studies on 105 hypertensive patients studied personally in detail and followed for a long period and 65 others subjected to a less detailed study and followed for a shorter period confirm our earlier experience and emphasize the clinical value of the pressor assay procedure. Methods A series of 105 consecutive patients with diastolic blood pressures in excess of 110 mm Hg who were suspected of having renovascular hypertension because of aortographic abnormalities of the renal vasculature or a discrepancy in renal mass, as indicated radiographically by a difference in length of the kidneys exceeding 1.0 cm in the absence of arterial stenosis, were studied. The patients were subjected to complete clinical examination, split-function excretory tests, and pressor assay of the renal venous effluent, as described elsewhere.16 [1] [2] [3] [4] [5] [6] [7] Split-function studies were performed under local anesthesia during water diuresis, followed by an infusion of urea and vasopressin. Blood was obtained by catheterization of the renal veins under the fluoroscope as described by Seldinger'8 or by venipuncture under direct vision at surgery. The pressor activity of the venous plasma from each renal vein and from the vena cava was determined directly in rats without reference to the clinical data.' As controls, 40 samples of blood from 10 normotensive adults undergoing cardiac catheterization were included in the series. Patients having stenosis of one or both renal arteries were explored surgically except wvhen contraindications existed or surgery was refused. When strong clinical indications existed, for example, severe hypertension with deterioration of myocardial and general vascular function, nephrectomy of the smaller kidney was performed in the absence of associated vascular stenosis.
Pressor assays were performed also on a second group of 65 patients with severe hypertension but this group was not studied so exhaustively. Of this group, 50 patients had renal arterial stenosis demonstrable by aortography, abnormalities in the intravenous pyelogram, or differences in size or function of the two kidneys and, therefore, were suspected of suffering from unilateral renal hypertension remediable by surgery. Two patients had hypertension associated with nephroptosis and kinking of the renal artery. The remainder of this group suffered from various forms of nephritis with hypertension, severe essential hypertension, or malignant hypertension.
Results Pressor Assay Renal venous plasma did not elicit a pressor response in the bio-assay system of any of the 40 samples from the normotensive subjects. The plasma of 56 of the 105 hypertensive patients comprising the first group manifested pressor activity. Of these 56, the pressor response was obtained from plasma taken from both kidneys in 17 and from one kidney only in 39 (table 1) . A positive pressor response localized to the side of a vascular stenosis or to the smaller kidney was observed in 37 of the 39 patients. Of the two patients in whom the pressor assay response was localized to the unsuspected side, one was azotemic with bilateral renal disease and the other was severely hypertensive.
Positive pressor assays were noted bilaterally in 17 or approximately 30% of all patients with positive assays. In 12 of these, obvious bilateral renal lesions were present (table 2). However, in five patients only unilateral lesions were diagnosed grossly; one had fibromuscular hyperplasia of a main renal artery with involvement probably of secondary branches to the contralateral kidney. Another patient with unilateral renal hypoplasia showed consistent positive assays on two separate catheterizations of the renal veins.
The renal venous blood of the 65 patients in the second group included in this series revealed a bilaterally positive assay in one patient with acute glomerular nephritis; in two others suffering from this condition, the assay was negative. In 10 hypertensive patients with chronic pyelonephritis, one with gouty nephritis, and one with Kimmelstiel-Wilson disease, no pressor activity was demonstrable in the renal venous effluent. The assay was also negative in six patients with severe essential hypertension but was positive bilaterally in one patient with malignant hypertension who manifested bilateral papilledema. No pressor activity was demonstrated in the two patients with severe hypertension and nephroptosis of such degree as to cause kinking of the renal artery. The assay on the remaining patients of this series was negative. 
Split-Function Tests
Investigation of the excretory function of the separate kidneys was performed in 84 of the first group of 105 hypertensive patients. The results in seven patients are not included in the following analysis, because of nonfunction of one kidney in three and because of the inadequacy of the available data in the other four. Analysis of the results indicate four patterns of differential excretory function. One pattern (type 1) conforms to the classic positive test of Connor and co-work-ers2' 3 with a significantly smaller volume and sodium concentration in the urine from the affected kidney. The second pattern (type 2) manifests a 10% or greater reduction of glomerular filtration rate and at least a 20% increase in osmolar concentration on the affected side in response to the infusion of Circulation, Volume XXXIII, May 1966 urea and vasopressin. The third pattern (type 3) shows a selective enhancement of concentrating capacity by the suspected kidney. In the fourth pattern (type 4), there is no demonstrable difference in excretory function except for the urinary volume or filtration rate.17 Seventeen of 77 technically satisfactory split-function studies included in the present study demonstrated a type 1 pattern, that is, a decline in urinary minute flow rate of more than 40% as compared to the control kidney and a decline in urinary sodium concentration exceeding 15% of the control (table  3) . Nine subjects had a type 2 pattern; seven had type 3 and 44 had type 4. Hence, despite the selection for study of patients who manifested a disparity in renal mass or clear-cut vascular stenosis, the split-function tests in 57% of the patients were nonspecific. The response to operation of the 51 patients (of the first series of 105) who were subjected to surgery is shown in table 4. Fifteen patients underwent laparotomy only; reconstruction was not undertaken because the lesions were not considered to be of clinical importance. Three of these 15 patients underwent abdominal aortic aneurysmectomy and renal venous blood was obtained incidentally at operation. Since their blood pressures were only moderately elevated, renal arterial reconstruction was not considered necessary.
Thirty-six patients underwent definitive surgical intervention. In 19, nephrectomy was performed because of renal hypoplasia or renal infarction, or in preparation for a renal homograft. Seventeen of the 36 were explored with the intention of performing arterial reconstruction, but in seven of these nephrectomy was necessary because of technical considerations or ensuing complications. Thus, nephrectomy was performed in 26, and vascular repair in 10 patients.
Normotension has persisted 10 to 40 months after operation in 23 of the 36 patients subjected to definitive surgical procedures. Patients failing to respond to operation are listed in table 5 which includes four patients suffering from end-stage renal insufficiency who were subjected to bilateral nephrectomy as a prelude to receiving a renal homograft.
Of the second group of 65 patients included in the present study, 29 were subjected to definitive surgery. Of these, 20 responded with a decline in blood pressure to essentially normal levels; in nine, no appreciable improvement occurred.
Correlation of Laboratory Studies with Surgical Response
As shown in table 6, all 23 patients, in the series of 105, who were restored to normotension by nephrectomy or renal vascular repair had positive pressor assays on the renal venous effluent from the affected kidney and negative assays of the plasma from the con- tralateral kidney before operation. Of the 13 patients who remained hypertensive despite surgical intervention, six had negative assays and three had bilaterally positive assays. The remaining four patients were in end-stage renal failure who were nephrectomized preparatory to receiving a homograft. Concerning the patients who were not treated surgically or who underwent explora- tory laparotomy only, positive assays were localized to the suspected side in all but the two patients, mentioned in the section on "Pressor Assays," who presumably had bilateral renal disease. Of the patients with bilateral positive assays without evident focal lesions, two were subjected to unilateral nephrectomy following an unsuccessful attempt to establish revascularization of the kidney. The hypertension persisted in these patients (patients 2 and 3 of table 2). Of the 26 patients whose split-function excretory data fell into types 1 and 2, 17 underwent definitive surgical procedures, with restoration of a normal blood pressure in 15. Accordingly, these patterns, although not pathognomonic, suggest the presence of surgically remediable hypertension. The pressor assay was positive unilaterally in 19 of these 26 patients, bilaterally in three.
On the other hand, none of the seven patients with a type 3 excretory pattern manifested pressor activity of the renal venous plasma and none underwent definitive surgery. Of patients manifesting type 4 excretory pattern with differences in urinary volume or glomerular filtration rate, two underwent vascular repair and seven had nephrectomy. In only two patients did normotension persist postoperatively; they were the only patients of this group in whom the venous effluent from the affected kidney showed a positive pressor response. A third patient, who manifested a positive pressor response bilaterally, failed to respond to surgery.
In the 29 patients of the second group of 65 who were subjected to definitive surgery, there was also an excellent correlation between the pressor assay of the venous effluent and the response to surgery. In all of the 20 patients considered surgically cured, a positive assay was obtained preoperatively from the affected kidney. The nine patients who failed to respond to surgery included two, with nephroptosis of sufficient severity to cause kinking of the ureter; two, whose intravenous pyelogram was suggestive of unilateral renal disease; and five, with bi-lateral stenosis of the renal arteries. The pressor assay was negative in all of these patients preoperatively, and accordingly predicted accurately the futility of attempting cure of the hypertension by surgery. In only one of the 65 patients was there a discrepancy between the results of the assay and the findings at surgery. In this patient, the bioassay was positive unilaterally, but no lesion of the kidney was demonstrable at surgery. The presence of an occult infarct within the kidney cannot be excluded, but nephrectomy appeared unwise, and the patient's blood pressure has declined spontaneously without treatment.
Discussion
It is apparent now that although some patients with demonstrable lesions of the kidney or renal artery, as manifested by aortography, intravenous pyelography, differential excretory studies, or other procedures, suffer from reversible, surgically remediable hypertension, others manifesting similar findings are not benefited by operation. Stamey9 and Birchall and their associates'0 have modified earlier procedures designed to uncover functional excretory patterns associated with remediable renal lesions, but it is apparent that excretory defects alone do not determine whether the accompanying hypertension is remediable by surgery. It is also apparent now that lesions of the renal artery may be observed not infrequently by aortography in normotensive individuals as well as in patients with surgically remediable hypertension.'9' 20 Attempts to utilize the presence of an increased angiotensin level in the peripheral blood2'-24 or of an angiotensin infusion test13 have yielded inconsistent results. 25' 26 The profusion of tests utilized to identify surgically correctable hypertensive disease attests to the importance of the problem,27 28 as it does to the nonspecificity of the available tests.'14 29 The experience reported herein indicates that reversible hypertension due to focal renal lesions is associated with a humoral circulating agent found in the renal Circulation, Volume XXXIII, May 1966 venous effluent from the affected kidney. Such focal lesions may be bilateral although not recognized as such from excretory or other studies. In many instances, however, anatomic lesions occur unassociated with pressor activity, as well as in normotensive subjects. 19, 20 The assay employed in the present study measures directly the pressor activity of the renal venous effluent and involves no manipulation of the plasma nor any assumption as to the identity of the pressor agent. This technique, which is simple and reproducible, measures the presence of a physiologically significant titer of a humoral pressor substance. The nature of this pressor agent has not been established. It is not renin since human renin is not pressor in the rat, nor is it probably angiotensin since the latter may be present in increased amount in a variety of conditions other than unilateral renal disease, as, for example, in cirrhosis of the liver, without accompanying hypertension. Summary A series of 170 hypertensive patients suspected of suffering from renovascular disease have been subjected to various tests designed to identify the presence of a surgically remediable lesion.
The presence of a pressor agent in the renal venous effluent, as determined by bioassay on the rat, has proven to be an accurate method for detecting the presence of renovascular hypertension responsive to surgical treatment. Split-function excretory tests, aortography, and other tests used for this purpose could not be relied on as the sole criterion as to whether surgical intervention is indicated in a given patient.
